Introduction
Breast cancer is the most common cancer among women and is one of the common health problems in women from different populations. Breast cancer is associated with high incidence of morbidity and mortality throughout the world [1] [2] [3] . A medium prevalence of breast cancer has been reported among Iranian women with increasing incidence [4] . Both genetic and environmental risk factors and their interaction might be involved in the pathogenesis of breast cancer. Studies from various populations indicate that genetic factors including gene polymorphisms and the presence of mutations might be strong risk factors that influence the individual differences in susceptibility to breast cancer [5] .
Matrix metalloproteinases (MMPs) are a family of zinc-dependent protease enzymes that degrade and restructure the extracellular matrix (ECM) components and basal lamina which are physical barriers for cancer cells [6] [7] [8] . MMPs have a broad substrate activity including the ECM components of collagen type I-VIII, gelatin, elastin, laminin, and also myelin basic protein and several growth factors. Generally, in healthy individuals, there is a low level of MMPs. However, in human cancers of all stages of carcinogenesis, higher expression of these enzymes has been detected [9] , which could potentially affect tumor grade and metastasis. Overexpression of MMP genes, through remodeling of the ECM, might increase the invasive potential of cancer cells [6] .
Individual susceptibility to breast cancer might be affected by alterations in MMP gene expression [6, 10] . MMP-7 is an important member of the MMP gene family with broad substrate specificity against both ECM and non-ECM components [11] . The MMP-7 gene is located on chromosome 11q21-q22, and has 13 exons. The A-181G (rs11568818) polymorphism in the promoter region of the MMP-7 gene modulates gene transcription through affecting the binding of nuclear protein(s) [12, 13] . Nuclear pro-
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teins bind to the MMP-7 -181G allele with higher affinity compared to the -181A allele. Hence, in the presence of the -181G allele, the promoter activity is 2-3 times higher compared to the -181A allele [12] . Some studies have demonstrated that breast cancer is associated with higher MMP-7 gene expression [9, 14] .
According to the literature, there are no available studies that have examined the association between the MMP-7 A-181G polymorphism and breast cancer susceptibility in Iranian populations. The aim of the present study was to investigate the frequency of MMP-7 A-181G variants and their association with breast cancer risk among an Iranian population of Kurdish ethnic background.
Patients and Methods

Sample
The sample in the present case control study comprised 100 breast cancer patients including 99 females and 1 male with a mean age of 49.5 ± 10.2 years (range 29-79 years) and 151 healthy females with a mean age of 38.7 ± 9.4 years (range 22-68 years). The breast cancer diagnosis was made according to standard clinical, radiological, and histological parameters. All patients were from the Kermanshah and Ilam provinces of Iran and were of Kurdish ethnic background, and had been admitted to the Kermanshah University of Medical Sciences hospital. Controls had the same ethnic background as patients. Demographic and medical characteristics of patients including age, sex, family history of cancer, tumor stage, lymph node metastasis, and the status of estrogen receptor (ER), progesterone receptor (PR), human epidermal growth factor receptor (HER2), P53, and KI67 were obtained from the patient files. The study procedures were approved by the Ethics Committee of Kermanshah University of Medical Sciences, Iran. All patients and controls agreed to participate in the study and signed an informed written consent form in accordance with the principles laid down in the Helsinki II declaration.
Genotyping
A sample of 5 ml EDTA-treated whole blood was taken from each individual. Genomic DNA was extracted from peripheral blood leukocytes according to the phenol-chloroform method as previously described [15, 16] . Using agarose gel electrophoresis (1%), the presence of extracted DNA was confirmed. The concentration and purity of DNA was assessed using a NanoDrop TM spectrophotometer (Thermo Fisher Scientific, Waltham, Massachusetts, USA).
The MMP-7 A-181G polymorphism was identified using polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) analysis. The PCR was conducted using the forward primer of 5'-TGGTACCATAATGTC-CTGAATG-3' and the reverse primer of 5'-TCGTTATTGGCAGGAA-GCACACAATGAATT-3'. The PCR thermal cycling parameters were: 1 cycle at 94 ° C for 5 min, 35 cycles at 94 ° C for 60 s, 62 ° C for 60 s, and 72 ° C for 60 s followed by final extension for 10 min at 72 ° C. In the presence of G allele, the obtained PCR product with 150 bp was digested with EcoRI restriction enzyme into 2 fragments of 120 and 30 bp, respectively. The PCR product remained intact in the presence of A allele [17] .
Statistics
The allelic frequencies were calculated using the chromosome counting method. The significance of the difference of alleles and genotype frequencies between the groups was tested using the chi-square method. A two-tailed Student's t test analysis was used to compare quantitative data, and these data were expressed as means ± standard deviations. Statistical significance was assumed at the p < 0.05 level. All of the statistical analyses were performed using the SPSS statistical software package, version 16.0 (IBM Corp., Armonk, NY, USA).
Results
Demographic, biochemical, and clinical characteristics of the study population are shown in table 1. 89% of patients had invasive ductal carcinoma, 9.8% had invasive lobular carcinoma, and 1.2% had ductal carcinoma in situ. Based on available immunohistochemical data, of the 100 breast cancer patients, 64 (71.2%) patients were ER-positive and 26 (28.8%) were ER-negative. PR positivity was detected in 65 (72.3%) patients; 25 (27.7%) patients were PR-negative. The frequency of other immunohistochemical markers including HER2+, P53+, and Ki67+ was 59.8, 42, and 94.5%, respectively (table 1) .
The agarose gel electrophoresis pattern of some RFLP products of the amplified MMP-7 gene digested with EcoRI is demonstrated in figure 1 . The frequencies of MMP-7 genotypes were in HardyWeinberg equilibrium in both patients and controls (χ 2 = 0.31 and χ 2 = 0.69, respectively) (p > 0.1). tients compared to that in ER-and PR-negative patients (65.4% (p = 0.64) and 68% (p = 0.91), respectively). Also, in patients with invasive lobular carcinoma, the frequency of this genotype tended to be higher (71.4%) compared to that in patients with invasive ductal carcinoma (66.2%) (p = 0.78) (table 3) .
Discussion
The present study among a homogenous population of breast cancer patients from Western Iran found the absence of a significant association between the MMP-7 A-181G polymorphism and the risk of breast cancer. However, we detected a trend toward a higher percentage of lymph node metastasis, invasive lobular carcinoma, and ER-positive status in the presence of the combined genotype of MMP-7 AG+GG.
Breast cancer is the most frequent malignancy to affects the health and lives of women in both developed and developing countries. Breast cancer is the third most common cause of death among Iranians after coronary heart disease and accidents [18] . According to epidemiological studies, a bulk of risk factors including genetic, epigenetic, and environmental factors are involved in the pathogenesis of breast cancer [9] . A number of functional single nucleotide polymorphisms have been identified in the promoter region of the MMP-7 gene with some of them having allelespecific effects on the regulation of MMP-7 gene expression and being associated with the development and progression of colorectal, ovarian, and gastric cancers [13, 19] . The MMP-7 A-181G poly morphism influences the binding of nuclear proteins and promoter activity, thus modulating gene expression [20, 21] . Higher promoter activity (2-3 times) in the presence of the MMP-7 -181G allele compared to the -181A allele in U937 cells has been attributed to the presence of a putative binding site (NGAAN) for the The distribution of MMP7 genotypes in breast cancer patients and controls is depicted in table 2. The frequencies of MMP-7 AA, AG, and GG genotypes in healthy individuals were 34.4, 50.4, and 15.2%, respectively. In breast cancer patients, similar frequencies were observed for the AA (34%), AG (52%), and GG (14%) genotypes (p = 0.95). Logistic regression models were created to examine various genetic mechanisms (table 2). As indicated in table 2, in the dominant genetic model (AG+GG vs. AA), the frequency of the AG+GG genotype was similar between patients (66%) (p = 0.94) and controls (65.6%). Further, in the overdominant genetic model (AG vs. AA+GG), the frequency of the AG genotype was non-significantly higher in patients (52%) compared to that in controls (50.3%). However, in the recessive genetic model (GG vs. AG+AA), there was a non-significantly higher frequency of GG genotype in controls (15.2%) (p = 0.78) compared to patients (14%). The frequency of the mutant allele of MMP-7 G was 41% in controls and 40% in patients (p = 0.82). Although the frequency of the combined genotype of MMP-7 AG+GG was higher in patients with lymph node metastasis (70.4%) than in those without metastasis (66.7%), this did not reach statistical significance (p = 0.75). The frequency of the combined genotype of MMP-7 AG+GG was higher (70.3 and 69.2%, respectively) in ER-and PR-positive pa-heat shock transcription factor in the MMP-7 -181G allele that is absent in the -181A allele [22] . There are inconsistent reports related to the role of MMP-7 A-181G variants in cancer development. An association of the MMP-7 A-181G polymorphism with esophageal squamous cell carcinoma, adenocarcinoma of the gastric cardia, and non-small cell lung cancer has been reported in the Han Chinese population [12] . Also, the MMP-7 -181G allele has been found to be prevalent among colorectal cancer patients [23] . Further, in a study among Caucasians, an association between this allele and reduced risk of gastric cancer has been demonstrated [24] . Consistent with our study, no association has been detected between the MMP-7 A-181G polymorphism and the risk of hepatocellular carcinoma in a Chinese population [1] . A number of studies have reported on the association between the MMP-7 polymorphism with the risk of breast cancer with inconsistent results. Beeghly-Fadiel et al. [25] reported no significant association between the MMP-7 A-181G polymorphism and the risk of breast cancer among a Chinese population; however, they observed an increased risk of breast cancer among premenopausal women. The authors suggested that the common MMP-7 gene polymorphism could be a significant determinant of survival among Chinese women with breast cancer. Also, Hughes et al. [2] reported that there was a trend toward poor overall survival in breast cancer patients who were carriers of the MMP-7 GG genotype.
MMP-7 is a small metalloproteinase that is primarily expressed in breast epithelium. MMP-7 can degrade both ECM and non-ECM components from the cell surface [25] . Although MMP-7 is normally expressed in breast tissue, high expression of this protease leads to higher occurrences of mammary hyperplasia and accelerated tumor development. A number of studies have reported an association between MMP-7 variants and the risk of certain cancers [12, [23] [24] [25] . However, in our study, we did not detect a statistically significant association between MMP7 A-181G and the risk of breast cancer among our population. This disparity might be attributable to differences in genetic background, the influence of environmental factors, gene-gene and gene-environment interactions, and the small sample size.
In conclusion, our findings indicate that the MMP-7 A-181G polymorphism may not be correlated with susceptibility to breast cancer in our population. We found a trend toward a higher percentage of lymph node metastasis, invasive lobular carcinoma, and ER-positive status in the presence of the combined genotype of MMP-7 AG+GG. Our findings could be confirmed and extended based on a larger sample in future.
